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l. INTRODUCTlON 
The IlC NMR spcctroscopy has contributed 
significantly toour knowledge of lhc chcmical structure 
of soil organic malCer. rhe application of the solid-slacc-
hígh-resolution-CPMAS-technique evcn pel'mits the 
sludy of complete soils and nutivc humic material 
without any prior chemical treatmcnt, as for instancc ¡he 
extraction by aqueoussodiurn hydroxide [I,2J. 
IlN NMR at natural abundance, however, encountcrs 
even greater sensitivity problems, caused by the low 
natural abundance 01' this isolope and ils small and 
negative gyromagnetic ratio [3)_ Consequently no serious 
attempts have been made to determine the chemical 
structure of natural soil organíc matter nitrogen by the 
CPMAS-technique, although in spite of the central 
biological ímportance of this elemen!. the chemical struc· 
ture of nitrogen in humic and fulvic material is still a 
matter of controversy [4,5). In the following first at-
tempts to learn about lhe practical limits of the 15N 
CPMAS techníque as applied to biodegraded plants 
grown on 15N enriched fertilizer are presented. The spec-
tral changes observed are compared to 13CCPMAS spec-
tra of the same composts. A previous similar l5 N CPMAS 
study dea[t with the structure of melanoidins and similar 
compounds [6). 
2. MATERIALS AND METHODS 
The soils and camposts were freeZe.dried and thoroughly milled. 
Lolil,m rigidum was grown olÍ Hoaglands solutiOl1S eontaining 
potassiurn nitrate (900/0 "N enriched) as lhe sol e nitrogel1 souree. The 
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3. RESUL TS AND DISeUSSION 
In Fig, 1 llNand De CPMAS spectra from lhe L. 
rigidium compost are shown. The bottom spectrum 
shows the unfermented starting material, while the spec-
tra of the complete fermentation products sampled after 
2-10 weeks are presented aboye. In the llN spectra of 
the starting material signals are found at 344, 139, 114 
(weak shoulder), 87, 52, 40 and 1 ppm. The signals at 
355,221 and -48 ppm are spinning side bands (first and 
second order) of the strongsignal at 87 ppm. In the figure 
they are marked by asterisks respectively arrows. Their 
distance from the peak isthe rotation frequency VR (4000 
Hz) for the first order and twice ¡.IR (8000 Hz) for the 
second order. The signal centered at 87 ppm represents 
82-87% of the total intensity and is assigned to the pep-
tide nitrogens of proteins. In the fange between 95 and 
120 ppm a1so the 15N signals of quinonimines should oc-
cur. The strong peptide signals, however, render them 
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unobservable, The most plausible assignments of the 
resonances are shown in Table 1 (3], 
During composting the sígnals from the free ami no 
groups and the nucleic acids are diminished mostrapid-
Iy, Simultaneously NH.t (-9 ppm) is formed, No new 
signals appear in this series of spectra, It is thus im-
probable, that the composting process leads to the for-
mation of new heteroaromatic nitrogen containing ring 
structures to Schiff-bases, as has been c1aímed previously 
(see reviews [4,5», The 15N sígnals expected for such 
Table I 
structures are indicated as missing sígnals at the bottom 
of Table 1. 
The parts of the composts soluble in aqucous sodium 
hydroxide were also measured in solution by the ¡nverse 
gated decoupling tcchnique. No additional signals were 
found, thus indicatins, that no lSN signals were suppress-
ed in the cross-polarization experiments. 
Compared to the 13C CPMAS spectra the changes 
observed appear to be less dramatic and of smaller 
magnitude, Furthermore most of the changes in the 15N_ 
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spectra secm to occur in the first 14 days of fermenta-
tion, while (hose fol' the carbon spcctra occur more 
stcadily during the whole fermcntatioJ1 periodo At the 
end of the composting the Lofium biomass had lo~t ap-
proximatcly 80<170 of the carbonbut most of the nitragen 
was still present, Table Il compiles the relative intensies 
of the Ile spectra given in Fig. 1. It becoll1cs obvious 
from the integrals, that in the composting process 
carbohydrate-derived structures are mast rapidly con-
sumed and thus the spectraL range bctween 110 and 60 
ppm is rcduced in intensity compared to the carboxyl, 
the aramatic and the aliphatic region. Decomposition of 
the carbohydrate structures is not Likely ta inflllcnce the 
nitragen-containing moieties of the plant material. 
¡norde!' to Icarn the qllantitative limits of lhe ISN 
ePMAS spectra the relevan! relaxation times for two 
probes lhe starting material and the compost after 70 
days are shown in Table IlI. Contrary to the relaxation 
times determined for IlC [21. where al TCH values were 
1'1,. ~,I1NCPMAl'hf!«Ir"'" or 1M I"ll"k~dd rfllClil1n arA :t.ó'IIIllUYl 
Cllmpa~1 l\fI~1 "0 dR)!" M tcrnnlllAIIIl", 
hlirly similar. siUlliricallt diHerences in the individual 
TNI<I tire sl'lcn at Leas! tor Ihe unmodificd scarting 
material. Thc TNII Rppcaf 10 be sillnific:antly reduced by 
the comp05tina proccdurc.The TII-I time, relevant for 
the repctitionof the CPMAS pulse sequence and thus 
for Ihe signnl-to-no:se ratio is reducecl by more Ihan an 
order of mn¡¡nitude in ¡he compos!! probably through 
the formntioll of free orgnnic radicals. .. . 
In Fil. 2 Ihe uN $pcctrum or the hUlllic acid fraction 
from a coro straw/sand mixturc nftcr ISO da)'s of 
rcrmentation is givcn.Thc spcctrum is very similar la 
those from lhe complete humified L. rig;(lum biomass, 
Again thc.signll! al 87 ppm contains more than 800,'0 of 
lhe total intensít)' and the small well-defined signal at 
O ppm can be ascribed to free amino groups. From the 
data prescnted here ir appears probablethat most of the 
nitrogen in recent soil organic matter remains in almost 
slightly modified protein-likc secandary amide structures. 
Thisconclusion is in contradiction tO Ihe results obtain. 
ed from classical chemical analysis, wherc approximately 
50<170 of lhe total nitrogen remains unidcntified [4,5). 
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